Abstract There is a growing interest in the links between humus forms and soil biota, and little is known about these links in Mediterranean ecosystems. Culture-independent techniques, such as DNA extraction followed by DGGE and enzyme activities, allowed us to compare microbial communities in two horizons of a forest soil in different seasonal conditions. Direct in situ lysis was applied for extraction of DNA from soil; intracellular DNA was separated from extracellular and used to represent the composition of microflora. The aims were to describe how biochemical and microbiological parameters correlate with topsoil properties in typical Mediterranean Moder humus. Changes in bacterial and fungal community composition were evident from DGGE profiles. Degrees of similarity and clustering correlation coefficients showed that the seasonal conditions may affect the composition and activity of bacterial and fungal communities in the OH horizon, while in the E horizon the two communities were hardly modified. In the same season, OH and E horizons showed a different composition of bacterial and fungal communities and different enzyme activities, suggesting similar behaviour of eubacteria and fungi relatively to all the variables analysed. Evidently, different organic carbon content in soil horizons influenced microflora composition and microbial activities involved in the P and N cycles.
Introduction
The understanding of soil evolution in natural ecosystems requires adequate consideration of the influence of biota and of soil-biota feedbacks. These are major determinants of soil characters that change within short, biological-like time scales.
A major proposal is to deal with fast changes in soil characters as an integral part of the biome (Northup et al. 1998; van Breemen and Finzi 1998) . Phillips (2009) goes as far as proposing soil as a part of the extended phenotype concept.
Humus forms are a morphological expression of interactions between biota and soil and are a prominent example of fast-changing soil characters (Ponge 2003) . They are the result of forest floor processes that regulate resource availability (Ponge 2003) and microbial soil environment (Northup et al. 1998; van Breemen and Finzi 1998) . However, microbial populations, being responsible for organic matter decomposition and element cycling, clearly also take an active role in resource availability. Microbial populations and humus forms are then linked by complex two-way interactions, involving different types of feedbacks. Such relations have not been, however, extensively studied (Hirobe et al. 2003; Karroum et al. 2005; Carletti et al. 2009; Trap et al. 2011) . Data are especially sparse for Mediterranean forest ecosystems (Sadaka and Ponge 2003; Tagger et al. 2008) , where both humus (Sevink et al. 1989; van Wesemael and Verstraten 1993; Vacca 2000; Peltier et al. 2001; Ponge 2003; Andreetta et al. 2011 ) and microbial communities (e.g. Monokrousos et al. 2004; Goberna et al. 2005; Aponte et al. 2010) have been found to be valuable indicators of responses of soil to the ecological constraints represented by long and variable summer droughts.
In Mediterranean forests, Moder humus forms are usually associated to ecologically sensitive sites, due to nutritional limitations and, often, to severe drought conditions. This humus form shows a sharp separation between organic and mineral horizons, due to the absence of the primary humus engineers, the macro-annelids (Lavelle et al. 1997) . Moder humus forms are associated to reduced zoological richness (Ponge 2003) and faunal activity limited to the ectorganic horizons, and both, according to Ponge (2003) and Northup et al. (1998) , represent a strategy of nutrient conservation. Limited incorporation of organic matter in mineral horizons induces a spatial decoupling of mineralisation, in the ectorganic horizons, and root uptake, in the endorganic horizon (van Wesemael et al. 1995) . This separation of proton production and consumption has been suggested as a major process in mineral soil acidification (Nilsson et al. 1982; Ulrich 1983) ; it leads to a highly specific distribution of nutrient sources for microorganisms and is likely a major control on activities and composition of microbial populations.
A study of the relations between humus forms and activity and composition of microbial communities is, then, a possible key step to understand the responses of Mediterranean forest soils to their variable environment.
Microbial diversity in soil has been analysed by cultureindependent techniques such as PLFA (phospholipid fatty acid) (Fritze et al. 2000; Certini et al. 2004) or microbial cell DNA (Krave et al. 2002; Landeweert et al. 2003; Agnelli et al. 2004; Hansel et al. 2008; Carletti et al. 2009 ). These techniques can overcome problems associated with selective cultivation and isolation of microorganisms from natural samples, by-passing the so called 'great plate count anomaly' (Staley and Konopka 1985; Connon and Giovannoni 2002) . Here we have extracted DNA from in situ lysis of whole cells Ascher et al. 2009 ), followed by denaturing gradient gel electrophoresis (DGGE) fingerprinting, that produces a gel profile representing the genetic structure of a microbial community (Kowalchuk et al. 2000; Agnelli et al. 2004) .
Enzymes are the catalysts of microbial processes, and the simultaneous measurement of several enzyme activities represents an effective approach to evaluate soil microbial activity and how it responds to changes in environmental conditions (Nannipieri et al. 1990; Lazzaro et al. 2006) . Enzyme activities are very sensitive to ecosystem changes and respond rapidly to stresses (Nannipieri et al. 1990; García et al. 2000; Gil-Sotres et al. 2005) . To get an overall picture of soil metabolic processes, and to analyse differences between soil horizons as growth environments, we measured the activity of β-glucosidase, phosphatase, urease and dehydrogenase. We experimented an integrated microflora assessment, combining DNA fingerprinting and enzyme activity assay, on the main horizons of a Moder humus form. The starting hypothesis was that soil microflora responds to vertical horizonation, leading to widely different habitats within a few millimeters. As the growth, or not, of such sharp boundaries is central to humus form differentiation, we expected to gain more insight into reciprocal influences between humus forms and soil microbial communities.
Materials and methods

Study area
The study site is plot 05 525 of the ICP-Forests Level I network (http://www.icp-forests.org/MonLvI.htm) located in Central Tuscany at 43°36′ N and 10°52′ E, at an elevation of 144 m asl. The soil develops from fine grained, calcareous, Tertiary (Pliocene) marine sands, on 55-60% slopes. Climate is Mediterranean with an average annual rainfall of 870 mm and mean annual air temperature of 15.2°C; soil moisture regime is Xeric (Costantini et al. 2004) . Tree cover was mixed Quercus ilex and Q. cerris. The site (Fig. 1) Humus forms were observed in eight different sites, including the five profiles and the three humus sampling sites, and their morphological characters were relatively uniform within the study area.
Samples were taken from the OH and E horizons; the OH horizon was sampled by removing its entire thickness from a 25×25-cm frame, according to ICP-Forests proto- For each sampling time, three replicate samples, approximately 500 g each, were taken in three different points, at about 1-m distance from different dominant plants; samples from the two seasons were taken as close to each other as possible.
Extraction and characterisation of soil DNA was carried on for each individual sample, showing similar results among the three samples. Nutrients and enzyme activities were measured in a composite sample made from the three sub-samples.
Humus profile description
The humus profile (Table 2 ) was made up of undecomposed plant debris (OL horizon, litter), semi-decomposed, fragmented organic debris (OF horizon) and highly decomposed soil organic matter (OH horizon) (Klinka et al. 1981; Green et al. 1993; Jabiol et al. 2007 ). The zo suffix indicates humification processes mainly activated by soil fauna, with fauna droppings easily recognisable both at naked eye and under a hand lens (Jabiol et al. 2007 ). The thickness of OH horizon ranged from 3 cm to 5 cm, and this horizon showed a high content of finely dispersed organic matter mixed with unaltered Q. ilex leaves. Sclerophilly behaviour of Q. ilex leaves may limit the decomposition rate of the litter. The fine roots were concentrated in the lower part of the ectorganic layers. Both OF and OH horizons were characterised by high biological activity, mainly due to arthropods and enchytraeids. This led us to classify this humus form as a Moder, although the uppermost mineral horizon, directly underlying organic layers with a sharp transition, was an eluvial E horizon. The humus form was a Moder with well-developed ectorganic horizons, and it could be classified as a Dysmoder (Jabiol et al. 2007 ).
Extraction and characterization of soil DNA Soil (0.5 g) intracellular DNA was extracted by direct in situ lysis, as described by Ascher et al. (2009) . The amount of extracted DNA was quantified by a picodrop spectrophotometer; the purity index was calculated according to the ratio of absorbance at 260/280 nm; the quality of DNA was checked by electrophoresis on 1% agarose gels stained with ethidium bromide.
The eubacterial community structure was determined by amplifying the 16S rDNA sequences, with the primer set GC-968f (5′-CGC CCG GGG CGC GCC CCG GGC GGG GCG GGG GCA CGG GGG GAA CGC GAA GAA CCT TA-3′) and 1401r (5′-GCG TGT GTA CAA GAC CC-3′) as described by Felske et al. (1997) . Soil template DNA (40 ng) was amplified with a mix containing 2.5 U Polytaq polymerase (from Polymed-Firenze), 12.5 pM of primers, 12.5 mM deoxyribonucleotide triphosphates, 7.5 mM MgCl 2 , 500 μg/ml bovine serum albumin and 50× reaction buffer in a final reaction volume of 50 μl. The PCR was then performed with a Perkin-Elmer 2400 thermal cycler with the following reaction conditions: 94°C for 90 s, followed by 33 cycles at 95°C for 20 s, 56°C for 30 s, 72°C for 45 s and final extension step at 72°C for 7 min. PCR products were checked on 1% agarose gel by electrophoresis. The resulting PCR fragments were analysed on a 6% polyacrylamide gel (Acrylamide/Bisacrylamide 37.5:1, Biorad, Hercules, CA; 20 cm 9 20 cm; 1 mm) with a urea-formamide denaturant gradient of 46-56% (100% denaturant contains 7 M urea and 40% formamide) at constant temperature (60°C) and voltage (75 V) for 16 h using the DCode system (Biorad). Fungal diversity was determined by nested amplifying 18S rRNA genes. The first-round PCR was run on 40-ng template eDNA using the primers NS1f/NS8r (Kowalchuk 1999) , and the secondround PCR was run on 2 μl of the first PCR product with the GC-clamped primer set EF4f/NS3rGC (Brodie et al. 2003) . The resulting PCR fragments were analysed on a 10% polyacrylamide gel with a denaturant gradient of 30-45% at constant temperature (60°C) and voltage (85 V) for 17 h.
Similarities between DGGE profiles were visualized by Dice similarity index (Dice 1945 ) based on UPGMA cluster analysis (unweighted pair-group method using arithmetic averages) using the Quantity One 4.5.1. software (BioRad); a dendrogram showing the hierarchical representation of the levels of linkage between the horizons was drawn to predict the degree of community relatedness.
Soil characteristics and chemical analyses
Soil was air dried and sieved at 2 mm. To analyse particle size, samples were pre-treated to complete dispersions. After shaking with a dispersing agent, sand (53 μm-2 mm) was separated from clay and silt by wet sieving. Clay (<2 μm) and silt (2-53 μm) were determined by the pipette method (Gee and Bauder 1986) . Soil carbonate content was determined by treating the soil sample with 4 M HCl. The volume of carbon dioxide produced was measured by a calcimeter and compared with the volume produced by pure calcium carbonate standards.
Electrical conductivity (EC), NH 4 + -N and NO 3 − -N were measured in 1:10 aqueous extract by selective electrodes (Sevenmulti, Mettler Toledo). Total organic C (TOC) and total N (TN) were determined by dry combustion with an RC-412 multiphase carbon and an FP-528 protein/nitrogen determinator, respectively (LECO Corporation, USA). Total and available P (P av ) were extracted by nitric-perchloric digestion and 0.5 M NaHCO 3 at pH 8.5 (Olsen et al. 1954) , respectively, and determined colorimetrically by the molybdenum-blue method of Murphy and Riley (1962) . Available K (K av ) and Ca (Ca av ) were extracted by ammonium acetate-dietilentriamminopentaacetic acid (DTPA) and determined by liberty AX sequential ICP-OES (VARIAN). Water-soluble C (WSC, 1:5 aqueous solution, 1 h at 60°C) was determined by acid digestion with K 2 Cr 2 O 7 and H 2 SO 4 at 148°C for 2 h. A spectrophotometric method was used to quantify the Cr 3+ produced by the reduction of Cr 6+ (λ 590 nm; Yeomans and Bremner 1988) .
Enzyme activity analyses
Among enzymes involved in soil nutrient cycling, β-glucosidase has been suggested as a soil quality indicator (Garcia-Ruiz et al. 2008) ; it plays a key role in the breakdown of labile cellulose, catalysing the hydrolysis of cellobiose to glucose. Phosphatase is a key enzyme in the hydrolysis of organic phosphorus to orthophosphate ion (Tabatabai 1994) . Acid phosphatase (PHa) and β-glucosidase activities (GLa) were determined using p-nitrophenyl phosphate disodium and p-nitrophenyl glucopyranoside as substrates, respectively; OL un-decomposed plant debris, OFzo partly decomposed litter by soil fauna, OHzo highly decomposed soil organic matter, zo zoogenically transformed materials Fig. 2 DNA extraction yield from the indicated horizons in autumn and spring these assays were based on the release and detection of pnitrophenol (PNP) at 398 nm (Tabatabai 1994) . Urease activity (URa) is responsible for hydrolysis of urea into CO 2 and NH 3 ; it was determined using urea as substrate through the detection of NH 3 released by the hydrolysis reaction (Nannipieri et al. 1980) .
Dehydrogenase activity (DHa) reflects a broad range of oxidative activities, and it has been used as an index of soil microbial activity (García et al. 1994; Masciandaro et al. 2000; Margesin et al. 2009 ); it was determined by the reduction of 2-p-iodo-nitrophenyl-phenyl-tetrazolium chloride to iodonitrophenyl formazan (INTF), which was measured spectrophotometrically at 490 nm (Masciandaro et al. 2000) .
Statistical analysis
All results are the mean of three replicates (n=3). All numerical parameters before statistical analysis were normalized and autoscaled: the result for each variable is a zero mean and a unit standard deviation (Latorre et al. 1999 ). The STATISTICA 6.0 software (StatSoft Inc., Tulsa, OK, USA) was used for all statistical analysis.
A statistical correlation between the data was calculated. The reported significant levels (p<0.05) are based on Student's distribution.
Analysis of variance (ANOVA), followed by Tukey's HSD test as a post hoc test, was used to evaluate the DHa dehydrogenase activity, β-GLa β-glucosidase activity, URa urease activity, PHa phosphatase activity, n.s. not significant *p<0.05; **p<0.01; ***p<0.001 Fig. 3 UPGMA dendograms generated from Dice's similarity coefficient matrix (n=2) revealed the relatedness between OH and E horizons, in spring and autumn differences (p<0.05%) between horizons (OH and E) and season (spring and autumn) and their interactions. The Pearson's coefficient was calculated to evaluate linear correlation among all studied parameters.
Results and discussions
Molecular analysis
The intracellular DNA extracted from soil was at least 10 kb in size and could be seen on an ethidium bromide-stained agarose gel. DNA was quantified and the yield of replicates calculated per gram of dry sample. The average values indicated a large and significant difference between the OH and E horizons sampled in the same season (p<0.001), while yields of the same horizon in different seasons were quite similar (Fig. 2) . The DNA content of soil has been used to quantify the microbial biomass (Marstorp et al. 2000) . The higher amount of DNA in the OH with respect to the E horizon supports the hypothesis that soil organic matter positively affects microbial biomass and confirms the finding of several authors about the decrease of bacterial biomass down soil profiles, as the primary source of nutrient input is the above ground vegetation (Bardgett et al. 1997; Fritze at al. 2000; Ekelund et al. 2001; Griffiths et al. 2003) .
The composition of bacterial and fungal communities in the two soil horizons was quite different, as shown by the Fig. 4 UPGMA dendograms generated from Dice's similarity coefficient matrix (n=2) revealed the relatedness between spring and autumn in OH and E horizons E.C. electrical conductivity, TOC total organic carbon, WSC water-soluble carbon, TN total nitrogen, NH 3 -N ammonium, NO 3 − -N nitrate, TP total phosphorus, P av available phosphorus, K av available potassium, Ca av available calcium degrees of similarity (Table 3 ) and clustering (Figs. 3 and 4) of DGGE fingerprints. Similarity between OH and E populations was only 45% and 50% in spring for bacteria and fungi, respectively; similarly, it was 45% and 43% in fall. Such degrees of similarity appear to imply a strong differentiation of microbial communities between horizons.
The influence of sampling time was different in the two horizons. In the OH horizon, both the eubacterial and fungal communities were very sensitive to the seasonal variation, the similarity between seasons being very low: 40% and 46% respectively. On the contrary, in the E horizon the similarity percentages were quite high: 73% and 68%, respectively, suggesting that bacterial and fungal diversity was poorly influenced.
Changes in the composition of bacterial community with soil depth were also observed by Fritze at al. (2000), Krave et al. (2002) and Griffiths et al. (2003) ; they were attributed to decrease of either soil moisture or organic C down the soil cores.
Seasonal variation of soil properties, in particular those of organic horizons, is probably a reason for changes in microbial community structure. Bardgett et al. (1999) , Smit et al. (2001) , Krave et al. (2002) and Griffiths et al. (2003) found, in such different environments as cropped fields, tropical forests and grasslands, that changes in microbial community were linked to seasonal fluctuations of moisture, pH and nutrient content (Bottner 1985; Kieft et al. 1987) . It was often observed that bacterial communities sampled during the drought season exhibited large differences with respect to those of other seasons. Our results agree with the findings of Krave et al. (2002) and Griffiths et al. (2003) that observed little seasonal variation of microbial community structure within the mineral soil.
Soil nutrient supply
Soil nutrient contents and related chemical properties are shown in Table 4 . As expected, large differences exist between the two horizons for major nutrients as total N, NH 4 + -N, P av , K av and Ca av , and also for WSC, with the highest values in the OH horizon. Relatively high total P in the E horizon might be explained by presence of primary Pbearing minerals as Apatite in the parent rock. Therefore, there is a close association between nutrients and organic matter, typical of the Moder "syndrome" (Northup et al. 1998; Ponge 2003) . DHa dehydrogenase activity, β-GLa β-glucosidase activity, URa urease activity, PHa phosphatase activity, TOC total organic carbon, WSC watersoluble carbon, TN total nitrogen, NH 3 -N ammonium, NO 3 − -N nitrate, TP total phosphorus, P av available phosphorus, K av available potassium, Ca av available calcium, n.s. not significant *p<0.05; **p<0.01; ***p<0.001 Fig. 5 Dehydrogenase (DHa), β-glucosidase (β-GLa), phosphatase (PHa) and urease (URa) activities in soil in different seasons for OH and E horizons. Errors bars represent standard deviation Table 6 Pearson coefficients assayed among soil chemical parameters and enzyme activities E.C. -N nitrate, TN total nitrogen, TP total phosphorus, P av available phosphorus, K av available potassium, Ca av available calcium, DHa dehydrogenase activity, β-GLa β-glucosidase activity, URa urease activity, PHa phosphatase activity, DNA DNA content *p<0.05; **p<0.01; ***p<0.001
Concerning NO 3 − -N and total P, seasonal variations in the OH horizon tend to overshadow differences between horizons. The OH horizon shows a well-marked seasonal cycle, with low nutrient levels in late spring and high ones in fall. The only exception to this trend was nitrate that showed a significantly higher value in spring. However, this result confirms what previously reported (Davy and Taylor 1974; Gupta and Rorison 1975; Taylor et al. 1982) , and it is ascribed to the high mineralization rates occurring in spring. Temporal changes in nutrient concentrations in soil are reported (Chapin 1980; Farley and Fitter 1999; Blume et al. 2002) . Concerning the E horizon, few nutrient variations were observed between seasons, probably because in this horizon low organic matter and nutrient contents slow down the nutrient cycle.
Enzyme activities
The two-way ANOVA evidenced that all enzyme activities were significantly (p<0.0001) affected by source horizon (Table 5) , being from 10 to 1,000 times higher in the OH than in the E horizon (Fig. 5) . Moreover, enzyme activities responded differently to the season effect (Table 5) . While no significant seasonal changes could be observed in dehydrogenase and β-glucosidase activities, statistically significant differences in phosphatase and urease activities were observed, for the OH horizon only. Both enzymes showed a significantly higher activity in fall than in spring (p=0.017 for phosphatase and 0.011 for urease).
Dehydrogenase and β-glucosidase activity showed no significant correlation with soil chemical properties including WSC (Table 6 ). Instead, urease and phosphatase activities were significantly correlated with P av , WSC, NH 3 , Ca av and E.C., which were also affected by seasonal fluctuations, showing a minimum in spring with the exception of the NO 3 -N content.
The much lower enzymatic activities in the E, with respect to the organic OH horizon, appear to be associated with the scarcity of organic matter and nutrients in the mineral soil. However, nutrient scarcity is also an effect of low microbial activity, as evidenced by the absence of available P in the E horizon. A concomitant and associated cause for low microbial activity is the pH value, which markedly drops from 6.8 in the OH to 5.3 in the E horizon. Lower moisture contents in the E than OH horizon are also likely influential (Griffiths et al. 2003) .
The literature shows a wide variety of results concerning seasonal patterns of hydrolase activities (Gil-Sotres et al. 2005; Bastida et al. 2006) . While this study agrees with some authors (Rao and Tarafdar 1992; Krämer and Green 2000) , who observed a tendency for certain hydrolases to increase their activity in the rainy season, others (Skujins 1976; Ross et al. 1995) observed no seasonal variation.
There appears to be a clear relation between the seasonal diversity of N and P mineralisation and urease and phosphatase activities. The seasonal changes in nutrient availability and enzyme activities can be explained by the timing of litter supply and decomposition. Easily degraded Q. cerris leaves are supplied in fall; by late spring they have been partly decomposed and preferentially stripped of essential nutrients like N, P and Ca. In a comparable climate and edaphic condition (Bussotti et al. 2003) , renewal of Q. ilex crown occurs gradually during the growth season, with a first abscission in spring and an evident secondary peak in fall. By late spring, litter substratum is then made up of resistant Q. ilex leaves and depleted Q. cerris leaves. During summer, drought should hamper both litter decomposition and plant uptake, so favouring retention of nutrients within the forest floor. These are then made promptly available with the return of soil water. Soil drying in summer leads to instability of nutrient aggregates and to release of nutrients after rewetting (Sardans et al. 2008) .
The higher quality of fall substratum in the OH horizon clearly acts as a trigger of microbial, and thus of urease and phosphatase, activity. Previous studies (Nannipieri et al. 1990; Ceccanti et al. 2006 ) have reported that phosphatase activity is inhibited by this product (phosphate), but we Fig. 6 Enzyme activities (EA)/cell DNA (DNA) ratios. Dehydrogenase (DHa), urease (URa), β-glucosidase (GLa) and phosphatase (PHa) activities have found higher levels of phosphatase activity when higher amounts of phosphate were detected. Marinari et al. (2008) , in an Umbric Dystrochrept (Soil Survey Division Staff 1993) with Moder humus under Q. cerris in Central Italy, observed higher kinetic parameters of acid phosphatase in fall than in spring, suggesting that different isoenzymes were active in different seasons, under the influence of different substratum quality.
On the other hand, the steady supply of substrate C keeps decomposition and heterotrophic nitrification fairly active, as demonstrated by high β-glucosidase activity (Caravaca et al. 2002) and NO 3 − -N production. This stability can explain the absence of significant seasonal changes in dehydrogenase activity. Furthermore, the ratio among all the studied enzyme activities and the extracted DNA (Landi et al. 2000; Stromberger et al. 2011) , which is considered an index of microbial biomass (Marstorp et al. 2000; Machulla et al. 2005) , was evaluated. This ratio relates changes in enzyme activities, which may be linked to microbial activities, with changes in microbial biomass. The ratios (Fig. 6 ) between dehydrogenase, β-glucosidase activities and the cell DNA were higher in the OH than in the E horizon in both spring and autumn, indicating greater changes in these enzyme activities than changes in soil microbial biomass. The urease activity/DNA and phosphatase activity/DNA ratio were significantly affected by sampling time. Especially in the E horizon, both ratios were the highest in spring, when the dehydrogenase activity/DNA ratio was the lowest. The yield of whole cell DNA was significantly lower (p=0.0123) in spring than in autumn. The higher phosphatase and urease activity/DNA ratios in spring may indicate the prevalence of extracellular over intracellular urease and phosphatase because the dehydrogenase activity/ microbial biomass was the lowest.
Conclusions
The measurement of extracted DNA and enzyme activities indicated a sharp vertical separation of microbial populations and their activity between the OH and E horizons. The microbial communities present in these two soil horizons appear to have modelled themselves to exploit at the best the different environments created by soil profile differentiation. They also showed different reactions to different seasons. The composition of the E horizon microbial population was less influenced by sampling time, while the bacterial and fungal communities within the OH showed marked differences, within a constant microbial biomass. The changes of these microbial communities are likely caused by adaptation of microbes to highly contrasting climate conditions; an additional factor is likely represented by the changes in substratum quality, as evidenced by changes in phosphatase and urease activity.
On the other hand, functions as those represented by β-glucosidase and dehydrogenase activities of OH horizon populations showed no appreciable changes with sampling time. It then appears that these functions are taken by quite different populations according to climatic conditions. Our results, obtained by just comparing samplings from two different seasons, suggest future research involving assessment of microflora structure and activity in different seasons over extended time periods. Overall, the microbial communities in this soil showed to be quite plastic, responding rapidly in both time and space to changes in their environment.
The integration of enzyme activity assays with a direct molecular method, such as profiling soil DNA (DGGE), has shown to be an effective approach that leads to a comprehensive understanding of the microbial functioning of the humus form. Thus, this method might be applied to different humus types, in order to elucidate the potential of humus forms as ecological indicators.
